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ABSTRACT 

' This docrment analyzes the problQBS encountered by 

• the obese individual and the effects of regular exercise on_ weight 
^Ipss and fat reduction • I^art one compares the psychological traits of 
obese-children with age groups of normal weight and discusses the 
organic disorders and social attitudies which plague the overweight 
individual • Part two states that caloric intake and genetic and 
environmental factors are the major ^causes of obesity^ Part three 
offers several methods of determining -obesity including the 
following: (a) Age-Height-Weight Tables; (b) He-:edith«s 
Age-Height-Weight Charts; (c) the W^btzel Grid; (d) Adipose Tissue 
Heasurement; (e) Hydrostatic Heighi^ng;,^ and (f) use of a volumeter* 
Part four cites a variety cf studies concerning the physical activity 
habits of the obese and compares tlxese activities to those of 
nonobese individuals. Part five studies ^the relationships bev:ween 
exercise, excess fat, and weight. Part six analyzes several physical 
conditioning studies conducted with adult men from college a.ge 
"TlArough middle |ge and older. Part! s4ven traces the effect of 
'exercise upon fat reduction in females from fifth grade through 
middle age. Part eight illustrates .the effecrts of weight training 
experiments male and female physical conditions. Part nine evaluates 
spot reducing and its lack of significant effects. Part ten - 
summarizes the article and offers suggestions for research. A list of 
references is included. (JS) 
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, Excess fat on the body, commonly^ referred to as obesity^, is ^a^prpblem that 
concerns both children and adults, Frequently in today's society^ fat -induction is 
lindertaken^for aesthetic reasons by those with such excesses. Howpy'er>' ther^ are 
xcany vital reasons for doing so; coicplications associated with ol)esiiy^re~ ^ar^ 
reaching, be>ng associated wiifh serious organic impairments and shortened -life,' with 
psychological maladjustments, with unfortunate peer relationships ( especially among 
children);- with inefficiency of physical movement, and with ineffectiveness in motor 
and athletic activities. Obesity is consistently encountered as a cause of physi- , 
cal unfitness among boys and girls^ men and women; tliese individuals score low on 
physical and motor tests^ a result encountered \miversally by school and college i 
physical educators . 

^ ' <— • . 

The President's Council en Physical Fitness and Sports has shown concern for 
weight control^ as evidenced by the pamphlet. Exercise and Weight Control ^ produced 
by the Council and the Committee on Exercise and Physical. Fitness of the Merican 
Medical Association in cooperation with the Lifetime Spores Foundation. 



Disadvantages of Obesity 

Organic Disorders 

Excess!^ weight places an additional burden upon the circulation, respiration 
and kidneys, so that obese persons are px^ne to develop disor.ders of these organs 
and systems, l&yer (22, chap. 8) indicated that at least transitory abnormalities 
of almost every body ftmction have been reported in obese persons . Igiportant and 
frequent among these abnormalities are respiratory difficulties . Fat people have 
less exercise tolerance, greater difficulty in normal breathing, and a higher fre- 
quency of respiratory infections than do people of normal weight. Even more seriously^ 
perhaps, obesity is related to the prevalence of high blood pressure and atherscle- 
rosis (hardening of the arteries), generally closely related to high blood cholesterol. 

Armstrong and associates (2) contrasted the mortality rate of overweight persons 
limited to substandard life insurance policies with persons accepted for standard 
insurance • The mortality rates were 79% for men markedly overweight and A2%t for .men 
moderately overweight above the standard risk group; comparable percentages for 
women were 61 and 42, respectively. The excess mortality rates were due to a greater 
number of deaths from degenerative diseases among obese people. From an analysis of 
3.,000 clinical records^ Joslln and associates (l8) foui>& that 675$ of females and 
63% of males shewed evidence of overweight at the outset of diabetes. From a survey 
of 74,Q00 industrial workers. Master and associates (20) found that average blood 
pressure increased with body weight for a given height for both 'sexes at every age . 
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Social Attitudes 

Fat -boys and girls have been subjected to ridicule by their unthinking Beers. 
"Tubby," "fatty," "fats," "fatso" and other unkind nipknames have accompanied them 
through their schoq;L years. Fat adults have been derided in literature and on the 
stage. Such comments, endlessly repeated, cannot but^ result in hvort feelings, 
inferiority complexes and social withdrawals by the recipients . 

In a study of high school seniors in the Boston area, K'ayer and associates 
(22, p. 91) found a strong^ discrimination against college admissions of obese boys 
and girls. Everything else being equal, including high school grades, intelligence 
quotients, entrance examination' scores and teachers* recommendations, obese girls had 
only one-third of the chances of nonobese girls of heing admitted to colleges; with 
obese boys, this chance was better, two-thirds, but the bias still Existed. Mayer 
suggests that the obese girl is thus likely to fair in socioeconomic status; and, a 
decreased likelihood of advancing socially through marriage is a penalty which the 
obese girl has to pay-. 

Psychological Traits 

Mayer and Jfonello (22, 119) contrasted- the psychological traits of adolescent 
girls attending two summer camps on Cape Cod. One hundred girls were from a camp 
for obese girls, conducted to help them reduce their weights; 65 girls were from a 
camp pf "normal" campers, i.e., not selective in regard to obesity. The mean weights 
were 169 pounds for girls from the obese and 118 pounds for those from the other 
camp. All girls were given three projective -type psychological tests: word asso- 
ciation, sentence completion and pict\ire story. ^ Some of the findings follow. 

Word association ; The girls in both camps responded with three words to each 
of the following words: outdoors, sugar, time, boring, freedom, worry, picnic, 
flying, dates and camp. Contrasted with the nonobesg girls, the obese girls indi- 
cated a larger number of words such as calories, diet, reducing, fattening, fat, - 
, heavy and overweight. The frequent and spontaneous mention of the weight references 
Indicated a preoccupation with "overweight" similar to a heightened sensicivity 
/toward status found among ethni.c and racial minorities reported by others when apply- 
/ing the same test. 

Sentence completion: For. this test, the girls completed 10 Incomplete sentences 
in any way they wished. Generally, the obese girls responded with "passive" and the 
: noncb^^se girls with "active" expressions. Exarples of responses to three of the 

j incomplete sentences are given: "When things get too hard for me, I ." 

I "When I am feeling bad, I ." and "When'm^ mother left, I ." More 

obese girls completed these sentences with such v/ords as cry, sleep, sit and sulk, 
and feel lonely ;* whereas more of the nonobese subjects gave work harder, try my best, 
talk to someone, visit friends, do my homework and clean my room. These results show 
a greater dependency on their families by the obese girls, interpreted as an effect 
of social pressure on the obese. 

Picture story; This test consisted of showing nine pictiires about which the 
subjects were asked j write stories: four pictures were family scenes, two were 
peer groups, one was a man and a woman, and two were single figures. As for the 
sentence completion test, ^he responses generally were "passive" and "active" in 
nature, respectively, for the obese and nonobese girls. Some examples follow. 



When shov/n.a picture .of some girls walking while another girl walks behind them, all 
nonobese subjects said. that the lone girl was catching up with her friends, but 60?5 
-of the obese v/rote that the lone girl was being excluded from the group. Both obese' 
and nonobese girls described a picture of a woman facing a boy whose arm pointed out 
a doorway as a" boy leaving lis mother or returning to her. But the obes.e pictured a 
passive boy asking permission or being scolded, ordered, or addressed- by a dominant , 
faother, whereas the hohpbese pictured an assertive boy telling his mother what he 
was about to do or had just done. 

In discussiiig the results of the psychological testing, Mayer (22, p. 123) 
^ stated: "Clearly, it is not far-fetched to say that obese persons ijx the United 
States may form a minority group which suffers from prejudice ^d discrimination. 
The exact nature and extent of these prejudicial attitudes against obesity, the 
myriad effects they have on the nonobese as well as on the obese, and the possible 
role these attitudes may play on the perpetuation of obesity, are questions that 
remain to be answered. At the very least, the heavy burden of inferiorivy and self- 
blame imposed by society on obese adolescent girls (and to an only slightly lesser 
extent, boys) is a matter to be r&nembered." 



, Causes of Obesity 

Obesity^ occui^ when the individual's diet produces more fuel than is needed to 
maintain body functions and to meet ,the energy requirements of daily activities, and 
thi,s excess is stored as fatty tissues throxighout the body, gradually increasing to 
an yndesirable amount. It would seem from this "definition that avoiding obesity 
is just a matter of controlling the diet to the point of balancing caloric intake 
with body requirements; and that fat reduction is merely to reduce this inta'-.e below 
such requirements so that existing fat is burned off in order to supply the full 
energy needs. Certainly, such dietary considerations are essential and they have 
been the focal point of efforts to control weight, especially the fat content of 
weight. However, the cause of obesity is not limited to improper diet; other causes 
exist, usually forming a complex of interacting factors with more than one operating 
on, the organism for a given individual, 

^ * }' 

Obesity runs in families, which may be due to both genetic and environmental 
factors. In studies of Massachusetts children reported by Mayer (22, p. 124), only 
10^ of the children of normal v/eight parents were obese; the proportions rose to /M 
if one parent was obese and to 80% if both parents v/ere obese. A propensity toward 
such body fatness may be related to hereditary hormonal factors acting on the fat 
producing "mechanism However, it could also be due, in part at least, to provid- 
ing a festive board in the home and permitting high caloric between-meal snacks and 
the like.. Further, lack of exercise in the family could be 4 vital contributing 
influence. The "battle of the bulge" seems to be a lifetime effort for Ihose who 
are fat prone, while all sorts of dietary excesses do not seem to affect fat accumu-/ 
lation by those who are not so prone. 

The concept that obesity is solely due to overindulgence in foci has been refuted 
by such investigators as Mayer, Kraus, Raab and others. Repeated studies by such 
nutritionists and physicians have shown that the great majority of adolescents eat 
less than the nonobese adolescents of the same sex. The physical inactivity of the 
obese adolescent easily accounts for the calories which permit fat deposits. The 
purpose of this Physical Fitness Research Digest is to concentrate on studies 



pertaining to the efft:ct of exercise on fat reduction. It ic not intended to rele- 
'gate dietary considerations to a minor role, to negate the need for medical treat- 
ineut when glandular and other bodily malfunctions are causative factors, to ignore 
the presence of hereditary influenties in the situation^ or to disregard the possi- 
bilities of psychological and emotional involvements in the obese complex. As 
pointed cut above ^ more than one causative factor may confront a given obese person 
v/ho is desirous of reducing fat deposits throughout the body. Studies on Kiunans only 
are included in this report, so no attempt was made to review relevant studies on 
animals. . 

" Determination of Obesi.ty 

Determination of obesity is not solely a matter of identifying an overweight 
condition, since body weight consists of many components, especially tne. skeletal 
frame, the /iscera, the mut^culature and the amount of fat. The proportions of these 
components varies among individuals. Thus, the determination of obesity is not a 
simple matter. The strengths and weaknesses of various methods for determining the 
presence and amount of obesity should be understood. 

Age^-Height-V/eight Tables , 

For many years, age -height-weight tables have been used as an indicator of nutri- 
tional status. As early as 1900^ life insurance companies prepared such tables to 
detenrir^ the v/eights of men fjid women who were accegiafeie' for life insurance policies 
The schools used such tables to identify children who were under ight and overweight. 
The usual policy has been to consider as ^indemourished those who were seven to 10^ 
below the average weight fcr their sex, age and height; as obese, those who v/ere 15 
to 20% above the average < Recent researches, however, have cast considerable doubt 
on the reliance on this form of nutritional assessment, largely because body *^uild 
and the proportions of tone, muscle and fat are net considered in m^ing nutritional 
determinations. For example^ for-* two boys of the same age, height and v/eight, one 
may be muspular with little fat, while the other may have a v;eak muscular development 
and generous amcui^ts of adipose tissue; and, numerous combinations exist in between". 

Expressing this situation differently, -the respective physiques of three men 
may be endomorphic, mesomorphic and ectomoirphic; certainly, they should not all be 
held to the same weight standards. William H. Sheldt)n, the originator of the soiiaa- 
tctype system of physique typing, in his Atlas of Men, provided an age-height-weight 
table for each of 88 basic soma to types, 'ages 18 to 65 years, 

Behnke and Wilmore C3> 130) have discussed overweight v/hen related primarily 
-to well-developed musculatures. They show that the v/eight of a lean, muscular ath- 
lete may well exceed by ^0% the average v/eight for stature irfistandard tables. Kfuscle 
is primarily responsibi^e for the greater lean bulk, but bone may also be ancillary, 
as revealed by thickened cortices of long bones. Weightlifters show some. remarkable 
examples of muscular hypertrophy. Wilhelm and Behnke (44) dramatized this situation 
during World V/ar II by shov/ing that, "according to height^eight tables, the majorihy 
of football players could be unqualified for firstrclass insurance by reason of over- 
weight." Obviously, cverv/eight in these men is largely due to nonfat components of 
the body. 

Some tables have been proposed based on "appropriate" , v/eight for the individual's 
sex, age, body build and height. .Ihe^e weight tables are superior to those based on 
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sex, age and height only* However, some difficulty may be'^encountered in differen- 
tiating body build. Tv/o approaches to appropriate weights of boys and gipls up to 
18 ye6rs of age are based oiNgro\vth; these tests are presented here. 

K feredith ' s^ Age-Height-Wei ght Charts ( 24 ) . Meredith develpped charts of height 
and weight f o^ boys and girls separately for the American MedicJfeil Association. Each 
chart contains growth curves of height and of weight for ages four to 18 years; the 
chart for each sex at all a^jes has five zqnes for height;, short to tall, and five 
'zones for wfeight, light to heavy. When a girl I s or boy's height and weight points ^ 
dc not lie in eorrespondir^ zones, the discrepancy should be studied to determine if 
it is due to a normal 'slenderness or stockiness of build or reflects an undesirable 
state of health. For ex^ple,. if a boy's scores fall in average height and, moderately 
heavy weight* zones, the jiissimilari-ty may indicate ruggedness of build, or it may be 
related^ to obesity; ^Generally, the child's height and weight curves should follow 
the same zones during the growth period, unless otherwise cortraindicated; this pro- 
cedure gives some idea as to wli^ther he or she is grov/ing and developing satisfactorily. 
These charts are available through the Ameiican Kiedical Association, 535 North Dear- 
bom Street, Chicago. IL 60610. . ' * ^ 

tf 

V/etzel grid (43)* The Wetzel Grid v/as devised as a direct reading control 
chart on the qualify of growth and development of individual boys and girls. It is 
divided into nine physique channels, designated as follows: A^, obese; A-^ and A2, 
stoclcy; A-j^, M, and B^^, good; Bg, fair; B^, borderline; and B,, poor. The'child's* 
position on the grid is plotted from his or her age, height tnd weight. From this 
llDtting, the developmental level and the age schedule of development are determined; 

speated plot tings indicate the direction of growth ^d development. If the child ^'s 
[growth is "normal," he will stay in the same channel as time goes on, moving upward 
progressively. A crucial po:},ht in this determination is need for assurance that an 
age-neight-weight co^ibination is an adequate index of physique when initially placing 
the child" in his channel; if not correct, an improper growth channel may be pe3?pet- 
•uated. The Wetzel grid has been widely used and has been the subject of considera- 
ble research. Grids may be obtained from: iJev;spaper Enterprise Association, 
1200 West Third Street, Cleveland, OH 4^113.^ 



Adipose Tissue ~ 

Brozelc (6) proposed that the individual's relative leanness-fatnes^^may be 
obtained directlj" from adipose tissue measurements, inasmuch as a large proportion 
of total fat, placed at 50/S by some investigators, is contained in the subcutaneous 
deposits.. Amounts of adipose tissue may be measured either by the thickness of skin- 
folds externally with calipers, or by the actual fat layer internally with X-rays. 
The use of the skinfold-caliper approach is obviously the more practical for routine 
use; further, frequent X-ray exposure is considered undesirable. 

Specifications for skinfold calipers have been established: amount of pressure 
applied to the skinfold, 10 grams per square millimeter; contact surface, varies 
from 20 to 40 square millimeters depending on the shape of the contact surface. 
(6, p. 10) The skinfold sites generally accepted for determination of body fat afe 
at the 'back of the upper arm over triceps muscle and at the subscapular position on 
the back; a third site is also suggested in the abdominal , ^region, on the mid- 
axillary line at the level of the umbillicus. Through his research and that of 
others, Mayer C22, p. 32) indicated that the triceps (back of arm) skinfold is most 
representative of the total body fat of obese individuals. Based on this belief. 
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he aJ^d Selzer C37) developed minimum triceps thicknesses indicating obesity for males 
ai:d female's of different ages; these thicknesses appear^ in the accompanying -table. * 
Minimum thickness was placed at one standard deviation above mean skinfold at each 
age; thus, 16^ of the population would be designated as obese. The standard for 
obesity over age 30 was taken at 30 years on the assumption that weight gain after 
adult size has been reached is usually excess fat. * 

The directions *foi:^ the back of arm, or triceps^ skinfold test follow: The * 
skinfold is taken over the muscle at a point halfway between the tip of the shoulder 
and the tip of the ell?ow. The point is located with forearm flexed to 90 degrees; 
in making the measurement, however, rthe arm hangs 'free* The skinfold .is lifted 
parallel to the long axis of the arm by pinching the skinfold between the thumb and 
index finger about 1 cm. from the site at which the cal'iper is to be applied. The 
amSunt of the skinfold should include two thicknesses of skin with intervening fat, 
but excluding muscl^; to isolate this thickness, the subject my tense the underlying 
muscles. i*he caliper is applied above the fingers holding the 'skinfold; all .measure- 
ments are made to the nearest millimeter . . - , . - . , 

Other hteasures 

More sophisticated methods for determination of body composition, especially for 
differentiation between lean and fat tissues, are available but require laboratory 
facilities and apparatus, so are not practical for routine use in schools and in \ 
offices of physicians. These methods range from the "relatively simple'^ mea.^urement 
of body volume to the complex biochemical measurements of isotopic dilution or inert 

gas absorption. These methods are described and discussed by Behnke and Wilmore* 

(3, chap. 2) Two of the "simpler" methods, which have been used widely in research, 
will be mentioned here, so that they wil], be understood when ehcountered in studies 
cited .later in this Digesp. 

Hydirostatic Weighing s A widely used method for assessing*bod:/ volume is hydro- 
static v/eigning, oasea on Archimedes* physical principle that a body immersed in 
fluid is acted on by a buoyancy force which is evidenced by a loss of weight equal 
to the weight of the displaced fluid. Thus, when an individual is weighed totally 
submerged under water, his total body volume is equal to his loss of weight in water, 
corrected for the density of the water corresponding to the water temperature at the ' 
time of 'the .weighing. The equations used provide for measures of body volume and 
specific gravity; amount and percentage of fat and lean body weight may be determined. 
The actual weighing of the body under water is usually accomplished by having the 
subject sit in a chair, supported by a weight scale, which is lowered into a tank of 
water . '\ 

Body Volume . A second method of asses^sing body^yolujne determines water dis- 
placement with a volumeter . The technique is the same as for hydrostatic v;eighing 
* except that the volume of water displaced by the person is measured rather than loss 
of weight in water. The water displacement is determined by submerging the subject 
.under water and then measuring the Jncrease in the water level of the tank by using 
a fine bore burette connected to the tank; the burette is calibrated for the size of 
the tank used. It has been estimated that this technique is less precise than. hydro- 
static weighing because of the difficulties in distinguishing changes in the volume 
of the tank. However, the method does work especially well when the purpose is. to 
assess separate segments of the body. 

m 
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Mtalmua Trlcepai Thlckneii Indicating Obesity 
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Age in Tenril 


Males 




Feanles 


5 


12 


f 


14 


6 


12 
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15 
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13 




16 


i 8 .. . . 


14 




* 17 
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15 




18 


10 ✓ 


16 




.20 


11 


17 




21 


12-^ • 


18 




22 


' 13 


.18 




23 


14 


. 17 




23 


15 


16 . 




24 


16 


15 




25 


17 


14 




26 


18 * 


15 




27 


19 


15 




27 


20 . . V 


16 




28 


21 


17 




28 


22 


18 




• 28 


23 


18 




28 


24 


19 




28 


25 


20 




29 


26. 


20 




29 


27 


21 




29 


28 


22 




29 


29 


22 




29 , 


30-50 


23 




^ 30 



From: -Seizor, C. C.,,and J. Mayer, "A Simpl 
Criterion of Obesity," 'Postgiadaate Medicine, 
3B, No. 2 (1965), A-101. 
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Phyisical Activity of the Obese ^ 

liayeT has pointea out that in recent years the rol»e of exercise in weight con- 
trol has beei> minimised,, if ndt ^ridiculed by a number/of health and physical educators 
and some j)hysicians/ As ar investigator of international ^repute, he has 3uccessfiaiy 
refuted this concept. Furthermore, he effectively supported the contention that 
physical inactivity is the single most important factor expla^ining the increasing 
frequen^ of overweu.ght peCpl'e'in modem. V/es tern societies. He states: "Natural 
selection, operating for -hundreds of thousands of years / made men physically active, 
resourceful creatures, well-prepared as hunters / fishermen and agriculturists^ The 
regulatidn of food intake\as never designed to adapt to the* highly mechanized seden-- 
tary conditions 'o£ modern life, any more than animals werelnade to be caged." (2l) . 
Kraus and Raab Cl9) also maintain that lack of exercise is the most common cause ♦of 
overv/eight and that prescription of exercise is imjportant in i*ts medical treatment. . 
Many studies support these assumptions^ several of which will be mentioned here. 

Over 20 years ago, Mayer and Johnson (22,. p. 76) determined the paloric intake, 
and physical activity of^ two groups of high school girl;^. Jgpe group was overweight 
and the other was normal weight but matched for age and height. Generally, the obese 
girls ate less than the normal-weight girls; yet, they also, exercised considerably 
less. "Sitting" activities were emphasized much more than walking and spor-^s. Watch- 
ing television consumed four times as many hours for the obese as for the nonobese 
group.. ^ ' Z ' 

A more recent study by Mayer, Bullen and Reid (22, p. 126) demonstrated that 
diiring periods of exercise, obese children spent far less time in motion than did 
nonobese youngsters of the sme age and social backgro\ind. Motion pictures of obese 
and nonobese children s,wimming or playing tennis or volleybat? revealed that the 
obese were actually physicall^ active for much less time than were +he nonobese. For 
girls in summer camps, overweight girls were essentially motionless for 65% of the 
time in tennis, 80^ in volleyball, and for an ^ven higher percentage In swimming. 

^ Bruch (.7) studied the activity habits of 140 obese boys and girls ages two to 
14 years, most being between six and 12 years: 66^ of the boys and 6B% of the girls 
were physically inactive . Few of the obese children in school made use of the oppor- 
timities for exercise provided by the schqol. Marked delay in ability and willingness 
to take care of themselves in early life was observed^^in 77% of obese children. 
Further, 50% ^ere both inactive and without playmates J 7A% did not take part in active 
games; and 65% had marked difficul-ties in social contacts. 

Chirico^ and Stimkard (9) compared the physical activities of 15 obese and 15 non- 
obese wonfen and, obese 1 noi.obese men; the wcnren and men groups, respectively, 
were matched . ^covpaujtr. and socioeconomic status. The women were housewives, 

secretaries^ ..u - ^, typists and scrab v/oiten; the men were medical students, painters, 
clerks, t.;aclierb and .unemployed persons. Physical activity was the distance the body, 
was moved as measured by means of a pedometer f oy one week by the women and two weeks 
for the men. The mean distances per day by the women were 2.0 miles for the obese 

id 4.9 miles for the nonobese. For the men, the mean distances per^^day were 3.7 and 
6.0 miles by the obese and nonobese groups, respectively. When a coefficient of 
activity, which takes into account the body weight moved, was calculated in order to 
allow a rough comparison of caloric expenditure, the difference between matched pairs 
of obese and nonobese women remained significant at the .01 level. For the men, 
however, * tshe difference was not significant. . , > . . 
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Reviews 

A 1962 a^^icle by Wells, Parizkova^d Jokl (42) discussed the relationships 
between exercise, excess fat and weight;f their studies and those by others were 
reviewed. Among their concjiusions wer^the followj:ng: 

' ' ' ■ ' ' 

a. Bpdy weight measures give' no indication of tissue composition. Spe- 
clfic^ravity or weight of tissue per unit volume provides a truer 
index of-proper weight, through .measures of lean tl'ssue and excess fat. 

b. Intensive physical training. causes a depletion of excess fat and an 
increase of specific gravity; inactivity has the opposite effect. 

In the reference/ the nature of the statistical relationship between skinfold measure- 
ments and specific gravity is detailed and an amount is presented of the -theoretical 
bases for the computation thus rendered possible, of excess fat and lean JCissue 

In' the Behnke-Wilmore research monograph (3, chap. 9), a chapter? is devoted to 
alterations in body composition with physical activity. They reported that exercise 
does mediate a basic change in body composition. Increase in lean body weight was 
attributed to muscular' hypertrophy, which is possibly the consequence of an increases 
in the level of serum-luiinan growth-hormorie, since it has been sho\vn to rise during 
exercise. This substance is considered d protein" anabolic hormone; in animals 
receiving growth hormone, the increased deposition of protein is accompanied by a 
'iCsg of carcass fat. This latter finding could be related jbo the loss of fat which 
was a consistent finding in the studies Reviewed-. The loss of body fat is as so- 
ciated wijih an increased expenditure of calories. However, the caloric equivalent 
of the amount of exercise actually performed is less th&n that necessary to account 
for the fat loss in some studies . The authors suggested that this result ooxild be 
due to a concomitant decrease in caloric intake with exercise, which results in a 
caloric imbalance of the magnitude necessary to explain the fat loss. They supported 
this concept from the work of Mayer, whiph showed that exercise up to one hour 'in' 
luxation ,tends to suppress the appetite. 

A recent tesearcn reviiew of various aspects of the role of exercise in weights 
control was reported by Oscai (28). Four broad topics were presented: 'effects of 
exercise on appetite, ,body gro\vth and coniposition; factors which control body fat; 
*the role of exercise in the possible prevention and therapy of obesity; and the role 
of exercise in maintaining normal weight . Some conclusions '^that may be drawn from 
this review relative JLo exercise and fat reduction are:' 

/. ^ ■ > ■ • .. • 

a* Exercise can affect the body composition of yoymg, growing humans by 
lowering or preventing an increase in body fat and by increasing lean 
tissue . 

^ - • J- 

Similar results may be obtained with adults, whichi of course/ is 
desirable since their increase in body fat usually accounts for 
J their^ gains in body weight. 

•c* Exercise does have favorable effects on body composition with or with- 
. oirt a change in body weight.. . . • \ 
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d.. It is possible to increase caloric expenditxire sufficiently by means 
of regxxlarly performed exercise alone to produce a marked decrease in 
body weight; as rjiuch«6^78/{ of weight loss occurring in exercising 
obese rats has/Wen due to loss of fat. 



aIii 



e. Exercise combined with food restriction igay be the sensible approach 
^ to weight reduction for.oliese individuals who desire to lose weight 

at a fairly rapid rate but cannot ^tolerate severe caloric 3>estriction 
. or prolonged, strenuous exfercise. 

f . Demonstrated in animals and?- observed in human- beings, the grossly 

obese are considerably le^ physically active than the nonobesej further- 
more, although caloric intajce is often greajber in a grpssly obese than 
T in a nonobese person^ obesity often car^ be traced direptiy to physical 

inactivity without an abnormal increase dn food intakei^* ^ 

\ ' ' '• 

' - \ ■ 

uU M en . ^ 

I' 'i — 

Quite a number of physical c^jnditioning studies have bee^i conducted with* adult 
men from college age through middl6 age pnd older, in which measvures of Tody coApo^ 
sition are included. Several of t)ie studies presented here were .'i^gpor^ in the J^y 
1974 Physical Fitness Research Digest, since they were primaril^^^oj^fTjfefned with the 
use of exercise in the iinprovement of circulatory-respiratory ef^iifance. These. \ 
studies also included bodly composiMon and skinfold measures; eigph^sis in this Digest 
. is directed toward the effects of the* ooncktioning^programs jDn Xa^ reduotic^^. Dietary 
controls were not employed in the studies unless indicated. ' . » » , \ ' - , 

. PoUocg's Studies . S • . * 

^ Fo]^lock, CTiretoh and Grueninger (3o)^ fopaed, two experimental groups and 8 con- 
trol group of men between 2^^ and 39 years^of age. Kor the experimental* groups. 
Group I exercised two days a week end Group I J exercised four days a week, fpr 20 
weeks. The training program was the saitle for both groups, consisting of/app;roxi- 
mately 30 minutes of continuous running, jogging stnd wallcing with increasing inten- 
sity as exercise tolerance improved. *Body composition assessment^consisted of body ^ 
'^weight and \^ sum of six^ skinfold measures, obtained over chest, axilla, triceps, . ^ 
abdomen, supHi-iliac and front thigh. The results in terjas^^of the sum of the six 
^skinfold tests showed -^t: the^contbol group became* fatter (122- to 135 mm.)j ^ 
the twice-a-week group remained about skme; and the four-tiraes-a-week group 
lost appreciably .( 131 to 108 imn.). Body weight also significantly decreased for the • 
four-day-a-week group <79*7^ kg. to 76.8 kg.^^. 

' Jn order to further study twice-a-weeJ:;^ conditioning programs, a control and two 
experimental groups of middle-aged men between' 30 and 45 years of age, 11 to 12 men 
in eac'lj group, were formed by Pollock and associate^ .( 31-) . The exi>erimental groups 
trained' at 90^, and 80Jf» pf maximum heart rate, r,esj>ectiveiy, for 20 weeks 1 Exercise 
sessions m^^t^ moiiitored on a quarter-Mle track with .total distance being equal for 
both grbupsj "fii^'two groups averaged 4.2 miles and 50^ kilocalories per exercise 
seceion. Gypup I trained 44.4 minutes per day at 92^ paximum heart rate (173 
beats/njin.) and Group II trained 47 minutes at 865i maximum heart rate (l6l beats/min.). 
As for the previous study, body weight and the sum of T^he same* six skinfolds were 
used for evaluation of body composition; the anthroj)ome;tric measures of chest expan- 
. sion and abdominal, gluteal and thigh girths were also applied* The 905J group recorded 

10 • 1 

ERIC 



a ijignifiaarit reduction lu akinf,oltl fat {U%'lo 13B ijspj, which. \^-as also signifi- 
cantly greater than for the SQ% group, Changea in the other measures, including 
body weight, were not significant. ' ^/ * . 

^- Vjrfecently, Pollock and c^Si-wor^rs (33) . conducted a third study in the above 
iJeqxienee; this time, a further investigation' of the four-day r.a-week Jogginfe-runnir^g 
prograifu In the initial^ study, the intensity f<fa;s. at a *high level, .90 to 95% of 
maximum heart rate, which may not be^ practical* (or desirable) for iJianj' adults.^ Tt^e.^ 
subjects in this study were nioe healthy -sedeatary men, 28 to, 47 years of age; a 
control groupJ of ,10 men was also employed. The conditioning ms 30 minutes each 
session, four timers a week for 20 weeks • Initially^ the subjects walked and Jogged 
equal llC-yard sb^ents arid progressed gradually i,o a continuous run* The walking 
segment of training was held constant at 3.75 iiiphj the^ jogging_varied from 5.6. to 
7,5 mph, ^depen^^iiig on each subject's condition. . |he body composition measures were 
weight, sum of s^x skinfolds, and^ abdominal, gluteal and thigh girths. The control 
group did no,t Change significantly on any of the- measures. The exjjerimental group '\ 
showed signiVic^t reductions on all msasures When compared to the control group. , 
The gluteal and .thigh girth differences, hov;eVer, were due more to an increase on ^ 
these t^^ts t:^* the control gajqup, rather than an appreciable , loss by the experiicerital 
-group.' * . / ^ \ . - i 

Sixteen sedentary men between 40 and 56 years of age traiiied by walking four 
tiroes per week for 20 weeks in a study by Pollock and^ others (32). The walking was 
vigorous; by the last week, the r(ten averaged 4.7 miles per hour (3.23 miles for a 
session of 40 minutes). Significant reductions in body weight and the sua of ^^ix 
skinfolds resulted. Inasjnuch as circulatory-respiratory endurance measures also 
improved, it was demonstrated that yjlgorous walking can be an effective adult train- 
ing activity.. Farther,, the inyestigators observed, that walldng seemed to. elicijt a . . 
lower incidence of leg problems and less general discomfort during exercise than 
does running, £Speciall>* for those who are .beginning exercise regimens after ;^ears , 
of sedentary living. . ^ ' * * 

. 

Studies by Others \ 

\ 

Tooshi (40) fonned one control and three' experimental groups, each containing 
eight tc rdne men, 27 to 45 years ^f age\ The experimental groups participated five 
days a week for 20 weeks in a ^rop'-L^tiive training program consisting of rufttlng;^' 
jogging and walking . F;or the three gr,.ups, the program^ dif f ered^jily ir. tir 
'participation each day: 15, 30 and 45 minutes^ The 45-ininute training regimen pro- 
duced a significant reduction in serum cholesterol level ^and total body fat, while 
the others did not. The investigator concluded that expenditures pf less than 
calories during exercise sessions weie insufficient to cause significant char*ges ih 
the measures used, which also included cardiovascular tests. 

Cureton and Ph^Hips (12) studied physical fitness of men as a result of two 
8-week training programs separated by eight weeks of nontrainJ.ng . Six volunteer 
participants were contrasted with four nonparticipants (controls); the ages of the 
men ranged ^rom 28 through 47 Vears, all of whom had led sedentaiy live? for several 
years. The conditioning periods^ conducted six days per week, were gradually pro- 
gressive in navureT^and consisted of approximately 15 minutes of calisthenics, 30 • 
to 40 minutes of ci'oss -country rxmning, and 30 minutes of handball or sqxiash. Sig- 
nificant changes occurred in reducing abdominal girth, surface area and total f%t* 
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Jotal fat was c^asured by sMnfolds and h^j specific gravity through hj^drostatic 
'^eightog. The greatest reductions occiirred during the second training period, the 
last 'eigh* "meks. - * ' * 

Skiimer, Hoilosay and Cureton (38) studied the effects of a program of endurance 
exercises on physical work qjipacity and on fat reductions of 15 middle-aged men, all 
of «hojii had been sedentary for at least three 'years. Tne exercise program was con- 
duc^tetf at noon, six days a week for six 'months; average atten'danqe was times per 
week. On three days each week, the program consisted of Cureton* s progressive rhyth- 
' mlc- endurance traixiing regimen, of rhythmic callisthenics intersp^ersed with walking, , 
running and stretching, and accpmpanied by deep breathing. On ttie other three days, 
the D^n ran ^on an indoor dirt track. For the first mon^h the exercise sessions 
lasted .30 mijnates; subsequently they ^increased to three-quarters of an hour. ICean 
specific gravity of the body by hydrostatic weighing increaseci significantly; abdomi- 
nal, chest ajid buttocks girths decreased significantly^ as did the sum of six skin- 
fold jTieasurep. *Among the conclusions of the" investigator sc "A vigoxous exercise 
pxagrain is * feasible for actively j^mplqyedf middle-aged professicn^l men, and such a 
program produces changes in functional capacity and body composition that run counter 
to i±e trer^ usuaiiy seen wi'&i aging. ^ 

Elder (15) studied the effects upon cardiovascular fitness, flexibility and fat 
reduction from participation in conditioning exercises, 35-45>minutes per day, three 
days per wesk" for three months. The subjects were men between the ages of 25 and 
73 years. The conditioning program followed the continuous rl^^thmic procedures pro- 
posed by Ciireton, except for shorter workouts, greater emphasis on Jogging^ and 
fewer performances of 'ihytimiic exercises. In general the jogging progressed so that 
a large majority of the menr poul4r jog cme 'mile in 12 minutes or less at the fend of the 
eighth week and two miles in 20 minutes or less by the end of the program. Fat reduc- 
tion was determined by use of skinfold tests at the following six sitei^: cheeks, 
abdomen, hips, gluteus, frwtt thigh and rear thigh. The onl^ skinfold measure that 
did not show a significant reduction was at the gluteal site. The t ratio for the 
sum of the six skinfolds wa^3.48, significant , beyond the .01 ievelT 

"Wilmora'and co-workers (46) determined body composition changes of 55 men 
between the ages of 17 and 59 years as a result of a 10-week jogging program. At 
each session, the subjects were encouraged eith^ to increase the distance, each day 
or to decrease the time for a given distance. .No subject jogged more than 24 minutes 
a day or mare than three times a week. Over the 10-week period the mean rate of 
jogging was 7.5 inph; the mean overall distance covered during the study was 51*75/ 
•miles in a mean time of 6*9 hours. 

The body comg^osition tests were body density by hydrostatic weighing, seven . 
skinfolds,. and two girths. .Small but significant alterations in body composition 
occurred from this mod^ate Joggihi program. The significant changes were: (a) Bo^dy 
weight ^decreased sbout 1 kg^ while lean body weight remained essentially, unctianged; 
indicating a loss in total body fat; (b) body density increased and the percentage 
of body fat decreased; (c) four of thcj seven skinfolds decreased, at the following 
sites: inferior angle of the scapula, Jhe chest just ^bove and medial to the axilla, 
midaxiUary at leVeJ of fifth rib, and 'front of thigh; ajnd (d) decreases of abdomi- 
nal girth, made laterally midway between the" lowest late;ral p&rticn of the rib cage 
end the iliac crest and anteriarly, between the xiphoid process of the sternum and 
. the umbilicus* ^ 



The chaJiges in .the varioua skinfold and circumference measurements ^e%^ .not 
highly, correlated to .chajiges in body fat and body density. Consequently, the authors 
questioned the validity ofli&ing^ single skinfolds to estimate alterations in body 
composition; the sum of several skinfolds was recomnended instead. 



College-Age Men 



\ 



With sedentary college men, as subjects, Boileau (4) formed two groups based on 
their relative fatness, as follows: obese, 25-46^ fatness (N = 8)j lean, 10-205? 
fatness (N = 15 i. All subjects" walked or ran on a motor -driven treadmill, 60 minute^ 
per day, five days per week for nine weoks. The approximate energy expenditure pre- 
scribed was 600 kilocalories per day of physical condixioning. During the physical 
conditioning program, significant decrements iii body fat and increments in fat-fre^ 
body Weight were found for both groups by anthropometric, densitometric and hydro- ' 
metric analysis Qf body composition. The sum of 10 skinfolds decreased; body 
density increased. Balative ;^al body water increased while extracellular water 
remained fairly constant, sjiggesting an increase in the intracellular water compart- 
ment^. Total blood vo Ipse, and plasma vol\ime did not significantly change, ^/hile 
changes in the various measures were generally significant for both groups, .they were 
greater for the obese /Objects. \ 

In a stu^ by^liempsey (13)^* seven men 18^ to 28 years of age, who differed 
markadly in their initial degree of obesity, underwent daily training for eight weeks, 
followed by normal activity for five weeks and then five additional weeks of daily 
training. The training sessions were one ho\ir in length and consisted of "maximum 
movement" exercises Ccalisthenics, interval running, circuit traixiing), progressive 
, resistance exercises (weight training, isojnetrics), and individual and dual sports 
(swinaning, squash, handball).. Selected aspects 9f body composition were appraised 
through measurements of body density, subcutaneous tissue and fat-corrected limb 
circumferences. ^All subjects isSo^were initially fat experienced losses in body 
?/eight and in subcutaneous abd iotal body fat and 'increases in fat-fre^ body weight 
and muscular mass. . Gains in fat-free weight, howeVer, sho?red seme relation to the 
amoxint of excess, fat being carried. * . ' 

i ^ ■ ! - - , 

In a second study, Dempsey (14) jsubjected 35 hee^lthy but inactive young men 
to measures of gross body weight, relative body weigh;t (percentage of standard from 
height-weight tables), height, percentage of body fat, fat-free body weight, and the 
Balke test of treadmill performance. A -multiple regression analysis of the data 
indicated that 52»2?f of the total interperso2ial variance in treadmill performance 
was acQotanted for by the anthropometrical variables employed. Body fat, fat-free 
body weight and relative body weight accounted for 38. 9> 9.7 and 1.7%, respectively, 
of the total Varieuace . A decline in these relationships for seven subjects under- 
going training indicated that treadmill pertormance had improved somew^aat inde- 
pendently of changeS/j^ body composition or body mass , . ■ 

Anderson (l) equally divided 86 colleg^ men into control and experimental groups, 

t experimental group participated in a vigorous program of calisthenics, isometric 
cises, weight training, sports and running, three days a week for nine weeks. 
J^sts adpiinistered were body weight and skinfolds at three sites. Body .density 
estimated from the three skinfolds, using a formula by Brozek and Keys. The 
rimental group experienced significant decreases in fat for all three tests and 
Increases in body density; the control group did not change signlficarttly on any 
. teH.^Bo^hKgrbups lost weight, but not significantly. 

o 
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Girls and Women 



For males, most studies on the effect of exercise upon fat reduction were con- 
^ ducted with middle-aged and older subjects.. For women, the preponderanae of such 
studies was with 'college women 

Mddle^Aged Women 

An especially interesting^ study i>drtaining to fat reduction by middle-aged women 
was conducted by Zuti C47'2 over a period of- 16 weeks . Three experimental groups of 

. 11 women each were formed; the" sub jects were between the ages of 25 and 45 years, pre- 
menopausal, in general good health, and from 16 to 40 pounds overweight. The tests 
given were body weight, 13 skinfolds, 15 trunk and limb girths, somatotype assess- 
ments, body density by hydrostatic weighing,, predicted working capacity at a heart 
rate of at least 170 beats/minute on a bicycle e^gometer (PWCn«Q), and blood limpid 
determinations. Programs for the three groups were designed to achieve a reduction 
of 500 calories per day over normal activities., as follows : Diet Group, diot reduc- 

• tion only; Exercise Group, exercise requiring 500 calories, no change in regular 
diet; Diet-Exercise Group, 250 caloric reduction in diet and 250 caloric loss through 
exercise. The exercise regimen consisted of walking,' jogging-running, bench stepping 
and calisthenics. . . 

In the Zuti study, .all groups lo^t weight, but the differences between the 
'groups were not significant. However, significant changes in body composition did_-^ 
bccur, as shown in Ahe following tabulation, given in pounds: - ^ 



Body Wight " Sody Fat ' Leah Body Tissue . . 

« 

Diet Group -11.7 - 9.3 -2.4 

Exercise Group -10.6 -12.6 +2.0 

Exercise-Diet Group -12.0 -13.0 +1.0 

Both exercise groups showed greater body fat reduction than did' the Diet Group.- 
The loss. in lean body tissue by the Diet Group is undesirable, as it involves muscle 
tissue. All trunk and limb girth measures showed significant reductions as a result 
of weight loss, .but were unaffected by the method used to create weight loss. Both 
exercise groups increased their circulatory-endurance PUCy^Q scored, while the Diet 
Group did not. Cholesterol and phospholipids v/ere significantly reduced as a result 
of w^ght loss;, the differences between the groups, however, were not significant.' 

College Women 

The effects of a modej»ate exercise program on body weight and skinfold thickness 
of 11 obese college women was reported by Moody, Kollias .and Buskirk (25).; the program 
was conducted six days per week for eight weeks. Five walk-jog patterns were fonmi- 
lated, each equaling a 500-kcal expenditure, ranging from 50^ of the distance v/alked 
at three mph and 50^ jogged at five mph, to 100% jogged at five mph. The adtual 
selection of the run-walk combination each day 'was left to the participant., Thg> 
average s .bject completed 7055 of the planned program. The measures applied were weight 
and the sum of 12 skinfolds. Over the peripd of eight weeks, body weight and skinfolds 
decreased significantly. According tc calculations based on loss in body weight and 
skinfold thickness, total body fat decreased and fat-free weight increased. 
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The effect of diet and physical activity upon 15 obese college women enrolled in 
a weight control class, which met for 35 minutes three times a week for a semester, 
was iavestigated by Tufts C4l)* The diet applied was the "IQOO-Calorie Exchange 
Plan", established by the 'American Dietetic Association* The physical activities 
were varied from d^y to day, but consisted of calisthenics, rhythmics, folk dancing, 
badminton, basketball, hiking, jogging, bicycling cjd circuit training. Among the 
tests employed were body weight, 11 skinfolds, arm girth, volumetric displacement in 
water of each arm, strengths of elbow flexors and extensors, and the "Q Test foj^ 
Body Image and Movement Concept." Sigfiif leant improvements of this semester of diet, 
weight control instruction and exercise were: reduction of body v/eight and 10 .skin- 
folds; increase in strength of elbow extensor muscles of both arms; and improvement 
in body image. Arm volume did not change, whic. may be attributed to a balancing of 
fat loss and muscle enlargement.^ • 

^ Zwiren (48) formed an experimental group of 10 and a control group of four over- 
weight college women. The experimental group participated in an 8-week physical 
education course one hour a day, five days a week. The exercise consisted of a walk- 
jog program of 500 kcal energy expenditure daily^ as adapted to each subject. -Bath 
_l^.?^?£cise and control groups losIT significant amounts of weight However , only 
the experimental group had a significant loss in the' total of 13 skinfolds: the pre- 
and postexercise ainouhts were 381.8 and 340*2 mm, a loss of 41.6 mm or 1155. The 
experimental group also had a significant decrease in percentage of body fat, .while 
the control group did not. The i.i\^estieator cautioned about making comparisons 
between the two groups, since the control group was considerably heavier than the 
experimental jroup at the start of the study (100.70 kg and 78.88 kg, respectively), 
and-ythe control group also lost weight, the reason for which was not known. 

Prentiss (34) conditioned 21 obese college women on a program of exercise utili- 
zing a bicycle -type exerciser during the winter and spring quarters of the same year. 
The exercise regimen each day consisted of a 15-minute ride with three 30-secdnd 
work periods evenly spaced during the ride. As each individual progressed and a 
plateau of work accomplished was reached, the n\imbef of work periods for the 15- 
minute ride was gradually increased. Work accomplished for each 30-second work period 
and for total work from the three 30-second periods were recorded in.metrocycle units. 
Among the pre- and post-tests administered were: body weight; arm, forearm, waist, 
hip, thigh and calf girths j abdominal, subscapular, back of arm, and hip skinfolds; 
modified Harvard Step Test; and a control ride on the exercycle. The significant 
results were: reduction in body weight, seven pounds; loss in fat, especially at 
back of arm and hips; reduced girth measures, especially at waist and hipsj gains in 
endurance, as measured by the Harvard Step Test and by the exercycle control ride. 
For the control ilde, the heart rate on the final ride was less than on the ride at 
the start of the experiment in spite of ^a highly significant increase in total work. 

With 172 college ,f re sbnan women, Thironeberxy (39) studied their weimit loss 
during a semester of physical education as related to the courses thej\ chose. The 
greatest average weight losses were: 4. 15 pounds in slimnastics and 2. Compounds in 
talance and posture classes. Weight gains were recorded fqj the follow:^ classes: 
tennis, 2.95 pounds; archery and badminton, 2»48 pounds;, and volleyb all 1.55 pounds.- 
No appreciable m?an weight changes were recorded in basketball and gymnastics classes 
and for a nonactivity group. It is not clear from this report whether/significant 
differences in mean weights among the groups we2?p present at the start of the study. 
Stated more pointedly: did the hettvier girls choose the slimnastics and posture 
classes and the leaner girls the sports classes? 
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With college women as subjects, 20 in an experimental and 24 in a control group, 
Bowes '(5) studied the effects of specific exercises on body v/eight, skinfolds and 
girths ♦ The follovfing skinfold sites on the right side and the girths at these sites 
were: p< sterior " surf ace of upper arm, iliac crest on the laidaxillary line, and medial 
side of thigh opposite superior ridge of the patella ♦ The experimental subjects were 
enrolled in a physical education class for women which met for three 1-hour periods 
per week for 10 weeks • Thirty minutes per period were devoted to exercises, which 
consisted of body mechanics exercises for the first five v/eeks and modern dance 
techniques, composition, and lectures for the second five weeks. The differences 
between the experimental and control groups on all tests were not significant at the 
start of the study. For the experimental group, significant losses of arm skirifold 
and arm and knee girths occurred, mostly during the second five weeks (modem dance 
activity).* Change in body weight was not significant, the investigator suggested 
that the results of her study should be considered with some caution due to some 
uncontrolled conditions. 

Gulyas Cl6) reported on the effect of a body conditioning program upon the body 
composition of 70 college women. Body composition was measured by hydrostatic 
weighing with subsequent calculations of body fat and body density. Details on the 
conditioning progiam^ in which the subjects participated are not given in the report j 
nor is ij, clear whether the subjects were obese or nonobqse. However, significant 
, differences did occur in body composition^ as evidenced by decreases in percent and 
total body fat and increases in total body density and lean body mass. 

High School Girls ^ ' • ' 

Body composition changes in 40 normal and obese high ^chool, girls were assessed 
by Moody and associates (26) following participation in a Jojgging program fO\ir days 
a week. Of the total sample, 12 girls were classified as ndrmal and 28 as obese,, 
using 30?{ body fat as an arbitrarjr division between the two grqups. All subjects 
participated in the program for one semester (15 weeks) of walking and Jogging; of 
the obese^girlSj 19 elected to continue for a second semester (total of 29 weeks). 
The progpdifi started with the girls Jogging and walking, one mile in equal proportion 
and was gradually increased until the daily distance was between three and three 
a]^d on'e-half miles with at least 755^ of the distance Jogged.^ The body composition 
tests were; body density, lean body w it, and fat percentage, by hydrostatic 
weighingj *sum of 12 skinfolds; and sum of eight girths. The obese girls demonstrated 
signiftaant reductions in body weight and percentage of fat and Increases in body 
density and lean body v;elghts; subcutaneous fat, as measured by the skinfolds, 
decreased markedly. For the obese girls in the program for 29 weeks, a significant 
decrease in the girth measures also occurre(^j the greatest changes on all meas\ires 
for tl;iese girls gccurred during the first 15 weeks. The only significant change in 
the ndirmal group was a reduction in skinfolds . 

. A 

Elemenliary School Children ( 

■ — ^^^^ ; 

Although a study by Co^bijn and Hetcher (11) does not show the effect of exer- 
cise on kst reduction, it does provide information about the activity patterns of 
obese and' nonobese fifth grade children (boys and girls combined). The subjects 
were divided into four groups on the basis of .triceps skinfolds . Those with a skin- 
fold of 17 mm or more were classified as obese (N = 11); the remaining pupils v/ere 
divided into three groups of about the same size in accordance. with skinfold, amoxmts. 
Seven-day diet records for each child were obtained from parents. Activity patterns 



were studied by filming the children during games of high and low organization and 
during free ploy; indices of duration and intensity of activity were derived from 
these analyses. 

The obese group was significantly less active than at least one of the nonobese 
groups in all activity situations. The intensity of the activity of obese children 
lixDre nearly approximated that of nonobese children when the activity was more highly 
organized. In unorganiz^dd activity, all three nonobese groups were significantly 
more active than the obese group. Also, the obese group was active a significantly 
lesser percentage of time than the nonobese. The obese group consumed fewer calories 
of food than any of the three nonobese giX)upsj however, the differences between the 
groups were not significant.. Further, the differences between the four ^ oups were 
not significant for amounts of proteins and carbohydrates consumed. The correlations 
between skinfold measures and various activity indexes for all groups combined were 
negative^ significant at the .01 level and beyond. The correlations between calories 
-and activity were not significant. Tlie authors* conclusion agreed with Mayer ^ as 
reported eas^lier in this Digest: inactivity may be as important or^more important 
than excessive calpric intake in the development and maintenance of. childhood obesity ♦ 

Eighth "Gi^^e Pupils \, . 

Johnsoil (17) compared the effects of participating, daily in physical education, 
and participating two or three days a week, on the fitness, skill, adipose tissue and 
growth of eigftth- grade boys and girls over a period of two years . Of the 743 pupils 
included in the' study, 284 Cl51 boys, 133 girls) had physical education daily an^ 
460 (221 boys, 239 girls) had physical education two or three times p?r week* The 
program was identical for all subjects in terms of the n\imber of weeks spent in the 
various physical education activities . Near the end of the second year, a motor 
fitness test battery of six items for boys and four for girls, a skill test battery 
of four items for boys and two for girls, and the triceps skinfold were givfen. Longi- 
tudinal growth curves were based on biaimual height and weight measures from grades 
one through ^eight. The results indicated that the 5-day subjects were significantly 
superior in motor fitness and activity skills and had significantly less fat than did 
the 2- and 3-day-a-week subjects. Bodj^ density was obtained from the triceps skin- 
fold using the formulas for boys and for, girls developed by Parizkovaj the differences 
in lean body mass heavily favored the 5-day pupils. No significant difference in 
growth curves was found. * \ 



Weight Training 

As can be seen so far in this Digest, the^bulk of studies on the effects of 
exercise on fat reduction have employed various walk-Jog-run regimens of physical 
activity. As reported here, some investigators have used progressive, weight train- 
ing as the means of inducing exercise. ''In these studies, *the amount of weight for 
weight training regimens is designated usually as the amount tliat can just be lifted 
a given number of times. Thus, 10- EM is the weight possible for 10 repetitions. 

In an experiment by V/ilmore (45 ) , 47 women and 26 men volunteered to participate 
in a 10-week period of intensive weight training; the average attendance was two days 
per week, 40 minutes per session • After five minutes of general warmup exercises, 
each subject completed two sets each of the following lifts: half squats or leg 
presses, toe raises, two arm underhand curls, standing press, bench press, bent arm 



pull-overs, bent rowing and side bends. Each exercise was performed with a starting 
weight of 7-9-RM; when this weight could be lifted 14-16 times, weight was added to 
reduce the number of repetitions back to the initial number. 

The body composition measures used were lean body weight and absolute and rela- 
tive body fat by hydrostatic weighing, seven skinfolds, and 17 and 15 girths res- 
pectively for the men and women. Both men and women substantially increased their 
lean body weight and decreased their absolute and relative body fat.^ Significant 
reductions in five of the seven skinfolds occurred for the women, but only in one 
skinfold for the men. Signifl^cant gains were found for both sexes in shoulder, 
chest, deltoid, .biceps flexed tod extended, and forearm girths, although the gains 
exhibited by the men neve subs-l^antially greater. The author noted, however, that 
the girth gains, while statistically significant, were small; the greatest such gains 
were .25 and .40 inches for women and men respectively, 

i ' ' y 

From 105 college male volunteers, Pencek (2? J formed an experimental group of 68 
and a control, group of 37. The contl*ol group attended a Sports lecture class, which 
did not invQlve physical activity; this group was found to have greater body density 
and amounts of fat than did the experimental group at the start of the study. *^he 
experimental group participated in progressive weight training for 35 minutes tmr^e 
times per week for six weeks; 35 ST'^these men continued weight training for anothe^ 
seven weeks. Weight training consisted of seven barbell exercises and three exer- 
cises wLth body weight as the resistance media (floor pushups, situps and pullups). * 
Tot barbell exercise, the loads started 6-RM; when 12 repetitions were reached, 
weight was added to force a return to the initial number of repetitions. ^ 

The body composition measures were: girths of the upper arm relaxed and flexed- 
tensed, waist and chest; skinfolds at hips, two locations on chest, and back of upper 
arm; body density^^^etimted from skinfolds by use of the equation by Pascale and co- 
workers. Both groups shoWd sigiiificant reductions in the am skinfold, while only 
th^ experimental group Md sigr^iflcant fat reductions at the hip and chest locations; 
the weight training group also had significant increases in the chest and bo-th arm 
girths ^nk in body density. During the additional seven v/eeks, the experiment Jl 
group continued significantly to lose body fat and increase body density and arm 
girth. « . ' 

Earlier at the same university, Clements (lO) conducted a study with essentially 
the rame experimental design as the preceding one by Pencek. Three skinfolds w.ere 
administerpd . Percentage of body fat was estjjnated from the skinfolds by use of an 
equation pjroposed by Keys and^^Brozek. A significant decrease in body fat occurred as 
a result of the weight training. When further analyzeipl, a fat-plus subgroup' lost 
3.6^ pf botly fat in lA weeks of weight training; a fat-vminus subgroup gained six 
pounds during the same period. The investigator observed that falter men lose very 
little Weight although the amount of fat seems to change. The thin boys gained 
weight. Any expected gain in the fat-plus subgroup's body weigiit because cf muscle 
developn^nj does little more ,1ijtian equal their weight loss^ue to fat decrease in six 
weeks. In ,14 weeks, the weight gain in the fat-plus subgroup seemed to compensate 
for the poundage i^f fat loss,, 
i 

Mayhew and Gross C23) evaluated the effects of higli resistance weight training 
.on the body^ compoaition of 17 college women; 10 others served as nontrainirig controls 
Body composition was assessed by seven skinfolds, eight muscxilar girths, four skele- 
tal diameters, and total body* potassium (^^K scintillation). From the potassium test 



measures ot lean body mass, fat weight and fat percentage were computed. The weight 
training group exercised 40 minutes per session, three times weekly for nine weeks, 
employing a circuit weight training routine. Exercises were modified to employ the 
Universal Gym Jilachihe; two sets of the following exercises were performed each session: 
biceps curl, military press, supine bench press^ latissimus pull, situps, forearm 
curl, bent-over rowing, bent-arm pull-over, wrist roll, seated leg* press and heel 
raise. Each subject employed the lOrRM technique; when able to complete 15 lifts 
with .a given weight, the weight was increased to establish a new 10-RM. 

Significant increases in to.tal body potassium, lean body mass, flexed biceps and 
foreaim girths, and shoulder width occurred. Relative fat and chest depth were sig- 
nificantly decrease^. \ Skinfold thickness and body weight were unaffected. Over the 
9-Week period, the sedentary control group did not show a significant change on any 
test. The authors concluded that high resistance weight training can enhance* femi- 
nine body composition without concomitant masculinizing effects or marked changes in 
body weight. ; - 



Spot Reducing 

A claim made by some exercise device manufacturers, exercise leaders and diet 
book promoters is that a particular program will help the individual "spot reduce." 
That is, the device, a specific exercise, or diet, can help bum off fat from prac- 
tically any area of the body and that area only. Research has cast doubt on the 
validity of th^se claims. This section of the Digest will present studies on spot 
reducing as affected by exercise. , ' 

Schade, Hellebrandt, Westerland and Cams (36) divided 22 overweight university 
women into two groups; one group received spot reducing and the other participated 
in general exercise designed for weight reduction. Exercise programs were conducted 
for 45 minutes, thx^ee times a week for six weeks. Exercise for the spot reduction 
group .poncentrated on the hip and abdominal areas; for the generalized group, the 
concentration was on the musculatures of the upper back, shoulder girdle and extrem- 
ities. A set of nine exercises was planned for each group; three ofv^the exercises 
were common for both groups; they emphasized stretch, contraction and compression. 
The samg Nutritionally balanced diet was served to all subjects in the university's 
student unit)n. 
\ 

^ For evaluation, standardized photographs in the rear and profile positions v/ere 
taken; with a planimeter, the surface areas were determined^ for the leg, thigh, com- 
binea^ hip and abdominal region, and the upper trunk, the latter including the upper 
arms.^ Small bu't^ •significant losses in weight occurred for both groups, but the 
diffei^ence between the groups was not significant. In every instance, except the leg, 
.greater decreases jljo^ surface area were found for the spot reducing group; however, 
the differences were not significant. The investigators concluded that reductions in 
body segments are most significant where fat accumulations are most conspicuous, 
regardless of the type of exercise. ^ y 

In to earlier study^ Cams and coworkers C^) compared genera^ and localized exer- 
cise effects on tegmental volume of 33 women who engaged in exercise three times a 
week for eight weeks. Segmental volumes were determined by water dinplacement . Both 
groups lost in body weight and in volun^ from the twelfth rib to the greater trochan- 
ter of the femur. However, no noticeable differential effect was attributed to spot 
reduction. 
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•With 15^ college men as subjects, Roby (35) investigated changes in skinfold 
thickness over an exercising muscle; the triceps muscle of one arm was exercised, 
while the skinfold over the other, unexercised, triceps served as a control. Each 
exercise session for this purpose ms 10 minutes i^ length, conducted three times a 
week for 10 weeks • A dumbbell was used with a Ip-RM load; three sets of this, exer- 
cise were completed during each exercise sessioa. When a subject was able to com- 
plete 15 repetitions, the weight of the dumbbell was increased again to 10-RM. Skiti- 
^ folds were taken over both triceps muscles. Skinfolds significantly decreased over 
I both the active and inactive triceps; the difference between the two triceps, however, 
was not significant. The investigator attributed the skinfold losses to some weight 
reductions by both groups during the period of the study. In addition, exercised 
triceps gained significantly in strength, wh^le the unexercised triceps did not. 
Th^ investigator concluded that the findings did not support t'he postiaate thut sub- 
cutaneous fat is reduced in localities wher^ muscles are active ,and in proportion to 
their activity. ; ^ ^ - ") 

Olson and Edelstein (27) employed 32 high school boys to determine if triceps 
skinfolds taken over an. exercised arm would decrease more than skinfolds on the oppo- 
site arm after a 6-week period of weighjj training. The exercises consisted of three 
sets of 1-arm curls and l-arm triceps extensions with a dumbbell; three minutes rest 
was allowed between sets. The starting load for each exercise was 7-RM on the first 
set; when seven repetitions could be ^rf ormed .on all three sets, the load was 
increased, again to a 7-EM on the fiarst set. The tests administered were triceps 
skinfold, flexed- tensed upper arm girth, and elbow flexion tod extension strengths. 

The triceps skinfold for the exercised arm decreased significantly diiring the 6- 
week training period, while the skinfold for the unexercised arm increas^ed, but not 
significantly. The mean skinfpld on the nonexercised arm was significantly less* 
( .05 level) than the mean of t]^e exercised arm prior to the training perio'd; at the 
end, the order was reversed level of significance). Both the exercised and 
unexercised arms increased in girth. The only significant increase in strength was 
for elbow extension of the exercised arm. The authors concluded that hard exercise 
in a specific area of the arm will result in a reduction of subcutaneous tissv-^ in 
that area. * ♦ 



Summary, and Implications 

The purpose of this issue of the Physical Fitness Research Digest is to present 
the value of exercise in fat reduction and to indicate the foriis of exercise and their 
applications in numerous research studies.. In concentrating on exercise, it is not 
intended to present exercise as a panacea, or cure-all. Other essential factors are 
obviously involved in weight control, including dietary considerations, medical treat- 
ment when glandular and other bodily malfunctions are causative factors, hereditary 
influences, and psychological and emotional involvements* ,More than one causative 
factpr may confront a given obese person who is desirous of reducing fat deposits 
throughout the body. Studies on humans only are included in this report, so no 
attempt was made to review relevant studies on animals. Summarizatiohs of the results 
from: the studies reviewed follow, wiidi some implications for physical fitness prac- 
tices thal^ may^ be drawn from them. 

1. For this report > obesity occurs when the individual's diet px*oduces more 
.fuisl than is needed to maintain body functions and to meat the energy 
requirements of daily activities, and this excess is stored as fatty tissue 
throughout the body, gradually increi^ing to an undesi,rable amount. 

. 20 . • 



The disadvantages of obesity were presented as contributing to aesthetic 
disfigurement, organic disorders., social rejection, psychological ihal- 
adjustrcents and emotional problems. 

The causes of obesity were considered as: fuel intake through the diet in 
excess of daily needs, lack of exercise, hereditary and other familial con-* 
siderations, glandidar and other bodily malfunctions, and psychological, 
social and emotional problems. Certainly, an effective approach to fat 
reduction for a given individual may well involve aay or various combinations 
of these causative factors* ' 

The deterjjiination of obesity _ is not confjjied solely to the identification of 
an overweigltt condition based on sex, age and height, since body weight con- 
sists of many' components, especially the skeleton, viscera, musculature .and 
fat. Thus, the glaring weaknesses of the common age-heigjit-weight tables 
were shown. Weight tables on growth considerations were presented, with 
special reference to Meredith's* Age-Height-Weight Charts and tho, Wetzel Grid. 

Adipose tissue measurement by skinfold caliper was presented as a more 
acceptable means of determining obesity. The triceps (back of upper arm) 
measure was considered the single best skinfold for this purpose, although 
the evidence suggests that the sum of seyeral skinfolds is more desirable. 
However, obesity standards for the tricepts skinfold are available and pre- 
sented in this Digest, so this test deserves attention in identifying obese 
persons under field conditions. Other measures of assessing body composi- 
tion were considered, especially hydrostatic weighing and body volume; 
these measures,- however, are confined tp pae research laboratory. 

While weight has been included in studies of exercise and fat reduction, 
the significant measures relate to body composition. The prevalent measures- 
are the sum of several skinfolds and hydrostatic weighing. From these 
measures, formulae are available to compute lean body weight (mostly muscu- 
lar tissue), total fat and percentage;, of fat. 

The most frequent physical activity utilized in studies on the effect of 
exercise in fat reduction is some regimeh t)f walJx-jog-ijun. This form of 
activity ^ too, as seen in the July 1974 Physical Fitness Research Digest, 
is ccanmonly used in research on the improvement of circulatory-respiratory 
endurance; in fact, several of the studies reported here were designed pri- * 
marily to evaluate C-R improvement, but also included body composition items. 
However, weight training was also utilized in fat reduction investigations, 
as were C\ire ton's progressive rhythmic endurance training regimen, circuit 
training arrangements and others; 

For males, the bulk of fat reduction studies were conducted with middle-aged 
and older men as sidjjects. For females, the preponderance of studies were 
with college women. • . 

• 

Intensive physical conditioning causes a depletion of excess fat and an 
increase in lean body weight. In fact, some studies resulted in no appre- 
ciable' change in body weight, but, tody composition did chaise witu a decrease 
in body fat and a balancing increase in muscular tissue. 
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1. * ' , 

10. Caloric intake was not controlled in most oA. the fat ^educMon studies \ 
reported; connnonly, the subjects were admonished to continue with their 
usual dietary practices. Still, obese persons without 6aloric restriction 

^' did significantly decrease fat and, as a bonus, increased lean body mass 
through ejxercise. Usually, control ^oups were employed in the studies; 
generally, these groups remained essentially constant on the body composi- 
tion measures employed. Thus, it is possible to increase caloric expendi- 
ture sufficiently by means of regular exercise alone to produce a marked^ 
(tecrease in fat. However, exercise combined with dietary regulation is the"' 
more desirable approach to fat reduction, . ^ i 

11. Demonstrated in animals and observed in humans, the grossly obese are more 
sedentary than the nonobese. Furthermore, although caloric intake is often 
greater in a grossly obese -than in a normal person, obesity can often be 
traced to a lack of physical^ activity without an abnormal incnease in food ' 

' intake, 

12. Fat reduction results achieved from exercise regimens not only depengl on the'** 
^riatxire of the exercise but upon the maimer a given regimen is applied. How 

a regimen is conducted is dependerit upon its frequency, d\iration and inten- 
sity, all of which are explained in the studi'fes reported. To illustrate: 
In one series of studies adult men particiipating in the same walk-jog-run 
program lost fat significantly when participating four times a week, but 
did not change on a two -day -a -week program. However, when the exercise pro- 
gram was intensified, significant iiflprovements did. occur with a twice 
weekly group. In another study, threfe groups of middle-raged men^partici- , 
pated in the same walk -jog-run regimen for 15, 30 and 4^ minutes," respec- 
tively. The 45-minute trainirig group produced a significant reduction in 
total body fat and in serum cholesterol level, vliile the others did no^ 
This investigator concluded "that expenditures of less than 600 calories' 
during exercise sessions were insufficient to cause significant changes in 
the measures employed. • 

13. In one study, vigorous walking produced the. usual desirable body composi- 
tion changes in adult men* The intensity <^f the walking may be judged by 
the fact that the average rarte was 4. 'Smiles per hqur after training four 
days a week for 20 weeks. 

,14. In a study of middle-aged women, diet, exercise, "and diet-exercise groups, v 
all gearr^d to achieve a' reduction of 500 calories a day, lost between 10.6 
and 12.0 pounds of weight over a 20-week period;, the differences between 
the groups were not significant • However, both grotips engaging in exercise 
had greater average losses in fat and gains in le^ body tissue as con- 
trasted with the diet only group. The two exercise groups had about the same 
loss in body fat, but the exercise only group gained more in lean body 
weight; the gains were 2.^ and 1.0 pounds. 

15. A bicycle -type 'exerciser proved effective in reducing body weight, fat, and 
th£ girths of waist and hips, and in improving the circulatory-respiratory 
endurance of college wom?n. The exercise regimen consisted of a 15-:minut3 
ride interspersed with 30-second work periods. 
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^16. Intensive progressive weight trailing programs resulted in desirable , 

changes of body composition in six to 10* weeks of time. These changes were**, 
refl.ected in sWLnfold reductions, in decreases in absolute and relative fat, 
in increases in arm, shoulder ^^d chedt gir-ihs, and in increased lean^ body 
weight* 

17. Mos£ fat reduction studies have been conducted with sedentary individua^ls . 
^ ef ^consequence, all Jinvestigators have used a progressive approach* in 

applying exercise, starting gradually and increasing systematically as each 
individual's condition improved. y^his appj'oach is essential, as condition- 
ing programs 'should be regulated to* each individual's physical status. 
Three brfsic concepts in conditioning sedentary men and women, boys and 
girls, are.: 

a. E xercise" tolerance , The exercise tolerance of an individual is his or 
her ability to execute a given series of exercises or activitfiss involv- 

^ ing endurance in accordance with a specific dosage without undue dis- 
comfort or fatigue. With unfit persons, the tolerance will be low; they- 
should not.be pushed into competitive situations, whether it be with* 
others or against scoring charts, until their condition warrants. 

♦ • * 

b. Overload . In overloading, the individual ''s exercise is fiicreased in 
Intensity or extended for a longer time than normally. Thus, the parti- 
cipant should be encouraged to perform beyond his customary perforinance, 
but still within his exercise tolerance. 

c. Progression , Progression is intima'tely involved with tlie first two 
principles : overload progressively, keeping pace with increased exer- 
cise tolerance. 

18. The possibility of spot reduction through exercise is not clear from find- 
ings of the limited research so fax conducted, as these studies have pro- 
duced conflicting results. Perhaps the following statements are presently 
justified as at least a paiHbial answer: Reduction of fat in bpdy areas is 
most likely where 'fat deposits are most conspicuous. regardless of the exer- 
cise format used. Thus, bath general apd localized exercise ot the muscles 
underlying pronounced fat locations wi^l result in fat reduction of these 
deposits . However, a 4if ferent reasoi^ sf or recommending^ general rather than 
localized (sppt reduction) exercise, which is warranted** from the studies 
reviewed, stejps from the fact that e:prcise ianproves muscular tissue as well 
as reducing fat. Thus, gejrieral, overall exercise would logically spread 
thi§ "Benefit throughout ' the musculature of the body, ^certainly a desirable 
Tesuit. / / . * 



A CORRECTION ; An error in the Janua]?y^ 1975 Physical Fitness Research Digest appears 
' on page I4, fougrth lin^ under "iifotor Fitness Tests": the last Word 
should be "skill," noji^ "speed." 
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